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Abstract

This  })a])m  rlc!scriks the
drsi~n of an ASI C ])crformin~
t hc Vit orb] clccoclc:r fundicm
with a cc)])strailltlell~t}l of 15
aIIcl at a S])CCCI  c)f 4.4 Mk)/s.
‘1’hc :]rcl]itrct~lr~  oftl]eclli])is
d(,scribrd, aswc:]l asthr
d(,sign dlallrn~c!s ~vhich  wc~w

ov(’1’~o]ll~. ,fk)INC’  c)f t,])~
cl):lllc’l)~c!si)lcll](led a large
amount, of 1/(),  application of
low-noise iI]tc]cc)Il]lCctioIl
SdlC’lllC tor(!duc(,  the ~rOUd

noise of the systcm, and low -
voltage si~naling, hi~h dlip
com])lexity at 9701; t r a n s i s t o r s
for lo~ic and G41i bits of RATvI,
trallsfc!r of (Iata 1)(’twcc’n
ASICsatsystm C!] C) C];S})CW(]S,

and internal data pa th  spcc’d
a t  (;2N4117. ‘1’l]eauthora]so
dcscril)esthc: SUC!C!C!SSfLl]

a])]) licat ion  ofthc’ clc:si~n
Systm
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Composite of Solar System

__ —.—.. — .— —..

Saturn

1 ---- . . ..-–-.---..–  . . ------ I

,Satur]) is 9.5A1J  from the sun, - 883 millic)n mi]cs.

Slide #9

Cassini  Spacecraft

transm]t data to the l)cc}) Space Network  (l)SN).
A1)017C  this is the low  p,ain  antenna ,  \\llic}] is USP13
to mceiw commands from the 1 )SN.

Mars

L -- .– ..-.-.—-.. ——. I

‘l’his  was tak(’n by  the Viking 1,andcr. Mars is
1,5AlJ from the sun - 139  million miles.
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Outline

JPL’s  role in NASA’s space program

Problems in transmitting data at
planetary distances

The Jetbvd ASIC

Design approach tools

Layout and timing issues

1/0 problem

Clock problem

Summary/Conclusions

JFJl-

Vision

Expanding the frontiers of space to enrich
knowledge and benefit humanity

Mission

Conduct challenging robotic space
missions for NASA

.

Current Missions

● V o y a g e 1977

- Outer planets 1972-89

● G a l i l e o 10/1989

- Jupiter probe 12/1995

● Orbit insertion 12/1995

● U l y s s e s 10/1990

- Sun S. Pole 19942000

- Sun N. Pole 19952001

●  TopexlPoseidon 8/1 992

- Earth orbit 18870 orbits to date

—

Future
● Pathfinder

- Mars landing

. Cassini
- Saturn Orbit
- Probe

. Deep Space 1

Missions
12/1996
7/1997

10/1997
7/2004
11/2004

7/1998
-  cometiasteroict Mcaulif
-  corncffastcroid WK1

. Global Surwyor

- Mars orbit
- Mars Lander

● Stardust
- Flyby comet Wild2

- RetLlrn  to Earth

2/1999

6/2000
12/1998

9/1999
12/1999

2/1 999
1 /2004

1/2006
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Mars Pathfinder

l’athfInclcr will land cm Mars and releaso ‘rmmr’
~vhicll  M7111  C’X])IOYC the surface. Telemetry from the
l{owr is relayed to 1 )SN \7ia the ]anrlcr.

Slirlc//l2

Antennas at DSN Canberra

;ip, ttals from the  Space- ct-afl arc received al me ofihrcc
)ccp  Spacc4  aciwork (l)SN) siles.  I’hc photo  shows  the
;ilc ia Gabcrm - Australia. I;ach  site has 6 antcaa as, up
to 7[~ meters ia diamdcr. I’hc olhcr  sites are ia CiOICiSlOllC

((aliforaia) aacl Maciricl (Spain), Siacc  it is impractical to
iacrcfisc  ~hc si~c oftbc aateaaas, c)tbcr a~etl]ocls must  bc
LIsecl to impmvc  the Ilil  Ilrror  Rate  (111;1<), to casurc
sigaals can bc reliably reccivcd.

Slirle #/13

Jetbvd ASIC

from distant spacecraft.
Charadcristics o f  t h e  A S I  C  arc as follows:
* NO of transistors = 9 7 0 K
4 (h-chi]) I{AM z [;41<
< I )ic  si~e= 5( K) X5(K)mils
‘A Number  of 1/() = 508
+, ‘1’cchIIolo~y  I Chj OS,  ().55  ]nicw]~  (National
,$c]llico]ld~lctc)r)
A L~})C!Cd = [i2h4}l~,
+. l’ackage = II(;A
* No of ASI  (k ]Ier system = 64
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Encoding and Decoding of
Spacecraft Signals

s,.,,...,,
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‘]’his chart shows how the hit error rate varies fol’

cliffemnt constraint  lcI~Kth k aIId  mic r, A
]J1’eviolls  sta]lda~d is the (7 1/2 cmlc). ‘]’hc IIcm’

CO(IC is (15,1/6) which allows a 1.7cIII  gain.

. . --.—— -—— ——...———— ..— —.

de Bruijn Graph (Trellis) for K=5
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Butterfly Grouping of Nodes

Sliclc  #/19
_..

B3MCD Block Diagram

I

—
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Jetbvd ASIC
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Butterfly Block Diagram
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the  wad and lvritc locat ions .  ‘1’hc’ ‘1’raccbfick  block Corws])mcis to the data bit, if this ]lmlc is on the
im])lcmonts th(’  trawhack logic, which macls the! Corrcc! ]Iat}).  1 ,atcr processing (trarcback) reads
I{ AM.  ]t oLlt])Llts trau!back bits to collnwl to the’ the clecisiol]  hits to determine the dccwlcd data.
othclt AS1 (1s. 1 lata from the tracc:hack block is
t ransferred io the OLltr)ut  IIlock, which contains
1,1 1“os.  ‘1’he output  lllmk outputs  the clata t)it in
the’ Corr(’ct  md(’]”.
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Add Compare Select (ACS)

“’’’””” x’)“RAw!’hw!”lco

“[’’’’4” ‘%,-,41+
Wow!+, ,, ,.,. , ‘

.——. ——

l’hc  A(1c1 (kmlImw Select (A(X) unit aclcls the

})1’(ICW(I. ‘1’hc clccisim bit recmrls which of the 2
nlctrics was cl)oscn. All arithmciic in the A(; S is
]xj$ormed scrial]y. ‘1’130 word Siy,c is 1 2-bits, but 14
clocks aw Ilscrl to allow for ~)i])elinc  mgistc’rs.

Branch Metric Compute (BMC)

$“.,0,
s! ’..

>
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Generating Design
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Compiling the Design
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Simulation is Performed
Levels

●

✎

✎

●

C model simulation

Verilog RTL simulation at RTL

Verilog structural simulation

Verilog  timing simulation

at 4

‘1’hc c n)odc] is the Iwhaviora] s imula t ion ,  ‘1’his
Inodcl M’as su])})licd to us, by anotllcr grou]) at
,11’1,. Since it had alwady kwn well Inaiched to
the theoretical curws, \vc took this as our ‘golden
Icfcwnc(,’,  A l l  rrsults at v a r i o u s  levels are

c{)m}Iawd.  Nlixcd simulation is also ])crformerl,
\Yith  blocks of structural wrilog  being placwd  in
the 1/’1’1,  simulation, for verification during the
dcsi~n ]) IWCCSS.  ‘]’hc 64-A SIC sinlL]lation  was also
})crformec] Llsin~ mixed 1{’1’1  ,/stmctL]ral  s i m u l a t i o n

without this simLllat iOn would }lavc  been
im])ossible.  Some changes were necessary to oLlr c-
m(dcl in oI”der  {0 match the G4-asic s i m u l a t i o n .

‘slide
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Generating Vectors

Scan based design

Memory self test

Small number of l/Os test complete design

ATPG for coverage of logic

Pads tested through scan path

Additional functional test vector sets

vectors  arc arldcrl to im])rove coverag~ of ‘rlifflcult’
:irca.s sLIch as the data bus, and logic  on the ram
OLlt])Llt
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Floor Planning

Slirlc //31

Data Path

I



.

(:asc study  of the
lksign of a \7ilcrl)i  Dccodcr‘

Sli(lc #/32
__— _ .——..

Timing Analysis

. . .
(Iccur whcII the CIOCI<  skc!w’ is lar~er i})an t h e  ]jath
r]clay, so that an lllmmin~ signal clews not have
time to IN ]atchccl. lJsually, this causes a hold
time violation, ~vhid]  can k cau~ht by  the tin) in~
analysis u.sine minimum dday parameters. 1 mng
])ath d e l a y s  CaII  1)0 found be displayin~ the wmwc:
(I(,l:]y cas(’  })aths throU~h the b]c)ck,  ‘1’his is
])(,rform[!rl  usinc ~vorse  case clclay p a r a m e t e r s .
‘J’]lc ‘J’]lllillg  Analysis tcm] is ‘1’attic - ]]art Of the

(:as(’arle tool Sc’t.

Slide #/33
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1/0 PROBLEM

Each ASIC has 133 inputs and 133 outputs

All ASICS  are interconnected

Only 1 clock allowed for 1/0 transfer

Conventional Output can draw 66mA peak during
switching

Switching current per ASIC  = 8.8Amps

Switching current per board = 561 Amps!

1/0 Scheme
/3”[’[’ ~V1l  11

I

,Nj 101111 ,NuT~ ‘~ti. ~~~~~~~~
1’

1: NMCIS

DRIVFR DRIVLR

66MA 33MA

A - CONVENTIONAL [) RIVER B - SERIES TERMINATION



(kc Sludy of the
l)csiun of a Vitcrbi l)ccodcr

—.

Low Voltage Scheme
~v[m

INP1ll ,~  ,  NMOS

!Nf, LJ1
Ii INMCE
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CCL Scheme
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Decoder Board

,Sixty  four hi~hly co]lrlc~cterl  AS I (;s am on the
(Ic(’()(1[’l’  I)[lar[l.

Slide 1/38
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I Clock Skew Calculation

I
Cl = Destination clock time

C2 = Source clock time

T = f/f to f/f delay ASIC  to ASIC

Short Path Problem

Cl(max)  - C2(nlin)  > T(min)

Long Path problem

C1’(min)  - C2(max)< T(max)

L.— — . - .  —

—..

Slide #/39
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7.3 Minimize Clock Skew

● Individually adjust external clocks

-  C o m p l e x

● 1 low skew high power clock driver per ASIC

- not feasible

● On chip PLL

● On chip DLL

- Simpler than PLL

With such a large number (G4) AS] (;s 011 the
systclll t)oar(], it is im}~wtant  to kcc]~  C,loC’li  skc,~v to

a  minimum.  ‘1’his is accom~)lishcd  on  the ~JI~;’J’llJ71)
ASI (} I)y the usc of a 1 klay l,ock 1,001) (1)1,1,) on
cvc’Iy  A,Sl (~. ‘]’hc 1)1,1, acljusts the interlla] clock
until it is in-phase with the cxterna] clock. ]nsidc
the AS] (; a clock  trcw  fallout from the 1 )1,1, is
arran~ed to balance clock clelays across the ASI (1.
,Sincc  onc twanch c)f thi,s tree is the ferdl)ack to the
1)1,1,, skew duc io clock tree clclay variation f]om
ASl(~  to AS](} is very small (less than  I V) ,
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Jetbvd Layout

Cascade

Cadence

Sunrise

Zycad

Metasoftware

C/Pascal

Design tools

Epoch Silicon Compiler

Concept Schematic Entry
Vcrilog Simulation

ATPG

Vcrilog  simulation accelerator
Fault grading

Hspice  - circuit simulation

Behavioral modeling etc.

Results

● DLL works

● 1/0 scheme works

● Viterbi Decoder Works

● First Pass Success

‘1’he ASl(~ is ]Jacl<a~ecl  in a 520 ball I\ GA.  ‘1’he
A S I  (~ si~,e is ap])rox 500” X 500” roils. ‘1’hr: phot,o
s h o w s  the finished layout with the main data
])aths al~d RAM  clear]y visiblr.
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Summary

Problem

HUgf2 SS0 problem

Clock skew

Layoufftiming

Test vectors

Solution

CCL 1/0

DLL

Silicon Compiler

Scan logic/ atpg

Sliclc #145
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